Tyva horse breed is one of the most promising local breeds of universal use. Tyva horses are well adapted to year-round pasture grazing, resistant to disease, and, therefore, suitable for lowcost meat production. Due to relatively isolated location of the population which has ancient origin uva horses are undoubtedly of interest both genetically and evolutionarily. For allele pool study we sampled blood (n = 32) and hair (n = 35) specimens from Tyva horses reared at two farms of Tyva Research Institute of Agriculture in 2009-2016. Genetic analysis was carried out according to the authority certified by ISAG (International Society of Animal Genetics). The study of polymorphic blood system and microsatellite DNA loci showed the Tyva horses to be fairly high genetically diverse on structural genes and microsatellite DNA. High polymorphism was found in Tf, Al, Es loci and especially in D system of blood groups. D cgm , D bcm and D d alleles were comparatively highfrequent, while Da d , D de and D dk were relatively rare. As to microsatellite DNA polymorphism, there were 113 alleles in 17 loci (6.65 alleles per locus on average), indicating high genetic diversity in the Tyva horse breed. Amon the microsatellite DNA loci found, VHLP, АНТ4P, HMS7J, ASB23 L, ASB2B, HMS3 N, ASB17Q, LEX3K, LEX3P, HMS1I, HMS1N and HMS1R were rare, of which HMS1R was unique as not found in horses of European origin (L.H.P. Van de Goor et al., 2010). There were from 4 to 9 alleles in the studied microsatellite loci, and the average number of effective allele per locus (A e ) made 4.20 being rather high even for local breeds. Loci ASB17 (10 alleles), АНТ4 (9 alleles), VHL20 (9 alleles), ASB2 (9 alleles) and ASB23 (8 alleles) were the most diverse. The genetic population analysis demonstrated good correspondence between the observed (H o = 0.748) and the expected (H e = 0.742) heterozygosis level and the absence of inbreeding (F IS = 0.008) in the Tyva horses. The highest similarity was found out between Tyva horse and Khakass horse (0.823), and also between Tyva horse and Mongolian horse (0.822) which areas border on the South and South-East. The data of whole genome association analysis (J.R. Mickelsn et al., 2012) are also in line with genetic distance that we calculated based on 17 microsatellite loci polymorphism. The visualized dendrogramm indicated common origin of the Tyva and Mongolian horses, which make a common branch in the evolutionary tree of horse breeds. Our findings indicate a high level of genetic plasticity of Tyva horses promising for breeding. In general, we can conclude that the studied population of Tyva horses is characterized by the original allele pool, including a number of rare alleles that must be preserved in the breed at rearing and genetic improvement.
Domestic stud and local breeds of horses, well adapted to local climatic conditions and resistant to diseases, often have a unique allelic pool which is a significant breeding reserve [1] .
Genetic markers allow monitoring of genealogical structure of populations, matching and selection of animals for breeding programs that take into account the genotype [2] [3] [4] [5] . Using the microsatellite analysis, the gene pool, the composition of populations, phylogenetic connections in a number of unique native breeds of horses, Khakass and other aboriginal Siberian breeds [6] [7] [8] , Budennovskaya [9] , Bashkir [10] and Karachai [11] , were studied. Microsatellites are used for molecular genetic comparison of lines and families [12, 13] , estimation of genetic diversity [14, 15] and breed stability [16] , for marking genotypes, control of origin [17] [18] [19] , and in gene flow studies [20] . Microsatellites can be combined with polymorphism markers of structural or mitochondrial genes [17, 21, 22] . Blood group systems due to the codominant type of inheritance of antigenic factors, broad polymorphism and relatively easy assessment [23, 24] also remain important markers in population studies [25] [26] [27] [28] .
The Tyva horse (Equus ferus caballis), which is related in origin to the Mongolian one but is larger in size, is valued for its adaptability to year-round pasture maintenance in herds out of premises. It is more resistant to abiotic and biotic stressors, including pathogens, and is less susceptible to disease [29] . The horse farms of the republic contain 68.1 thousand heads [30] . They are mainly used for meat, and the body weight of mares by the end of the pasture period averages 316±7.2 kg. In the livestock structure the mares are 35.2-42.5 %, the yield of foals is 58 heads per 100 mares [31] . The production of horse meat is almost 3 times cheaper than beef. This, along with the availability of favorable conditions and demand, determines the desirability of breeding local horses and raising their meat productivity which is relatively small. At the same time, it is important to preserve the valuable adaptive qualities of the breed. Therefore, in selection and breeding, it is necessary to take into account not only the phenotype, but also the genotypic characteristics of animals.
It should be noted that only one work in which the systems of polymorphic blood proteins were studied [24] was devoted to the immunogenetic traits of Tyva horses, and DNA microsatellite loci test was just recently started. Here, this is the first complex study of the Tyva horse population for combination of immunogenetic markers, such as polymorphic proteins (transferrin, albumin, esterase) and blood group systems, together with DNA microsatellites, which allows us to significantly expand the range of markers for genetic selection programs.
The purpose of this work was to analyze the genetic structure of the Tyva horse population based on the prevalence of the loci of polymorphic blood systems and polymorphism of DNA microsatellites.
Techniques. The research was carried out in 2009-2016 at the basic farms of the Tyva Agricultural Research Institute (GUP Bai-Tal and KFKh BeecheShivilig; Bai-Taiginskii and Kyzylski regions, Tyva Republic) on Tyva breed horses (Equus feru scaballis). The biomaterial was blood samples (n = 32) and hair samples with a hair follicle (n = 35). When selecting horses for the study, the exterior, body color and weight, and the presence of aboriginal features were evaluated. The whole year the animals were kept on pasturage.
Genotypes on the loci of blood proteins and enzymes were determined by horizontal electrophoresis in starch gel according to the recommendations [32] , antigens of blood group systems were studied by hem agglutination with monospecific sera produced by the All-Russian Research Institute of Horse Breeding (certified by the International Society of Animal Genetics, ISAG) which were identified with international standards.
DNA was extracted from hair follicles using Diatom TM DNA Prep and ExtraGene TM DNA Prep kits (OOO Isogen, Moscow). Amplification was performed using StockMarks for Horses Genotyping Kit Equine (Thermo Fisher Scientific, Inc., USA) in a 2720 Termal Cycler (Applied Biosystems, Inc., USA) with a set of primers for 17 microsatellite loci recommended by ISAG. Electrophoresis of the amplification products was carried out in an automatic 4-capillary 3130 DNA Analyzer (Applied Biosystems, Inc., USA). Decoding and documentation of the results was carried out using the GeneMapper TM v.4.0 software (Applied Biosystems, Inc., USA).
To characterize the allelic pool, the average number of alleles (Na) and the number of effective alleles (Ne) per locus, observed (H o ) and expected (H e ) heterozygosity, and polymorphism indexes (A e ) were calculated. Gene balance in the population, genetic similarity and genetic distance were assessed by conventional methods [33, 34] .
Cluster analysis was performed on the basis of calculation of genetic distances between breeds based on the frequency of microsatellite loci alleles by M. Nei [34] . In comparing the genetic structure of the Tyva horse with other breeds, previously published data were used [3, 8] .
Data statistical processing was carried out in MS Excel 2003 and Statistica 6 softwares (StatSoft Inc., USA). The table shows the mean (X ) and standard errors of the mean (±х). Differences among the values were considered statistically significant at P > 0.95.
Results. Analysis of blood group systems (n = 17) and polymorphic blood protein systems (n = 15) revealed a distinctive pedigree uniqueness of the genetic structure of the Tyva horses, despite a small number of studied animals. In the transferrin system, 5 alleles were detected, Tf D , Tf F , Tf H , Tf R и Tf O . In the population allele pool, Tf F allele prevailed with the frequency of 0.324; the frequency of Tf H and Tf R alleles was almost the same (0.235). The Tf O allele (0.029) was comparatively rare. In the albumin locus, two alleles were found, ALB A and ALB B , of which ALB B prevailed (0.559). In the esterase locus, there were 3 alleles, Es F , Es G и Es I . In the studied horses, the Es I allele was the most common (0.559) while Es F (0.206) and Es G (0.235) were relatively less frequent.
We determined the frequency of antigens of the three genetic blood systems (A, K, and D). For EAA system, the Tyva horses were carriers of the blood marker A a (Table 1) . For EAK system, antigens were found indicating the presence of K a and K  alleles with relatively more frequent K а allele (0.2941±0.1110). A great variety was found in the frequency of EAD antigenic factors. In horses, this blood group system is the most complex, includes 17 antigens that form more than 30 phenogroups, and is considered as the most informative for understanding breed genesis. The data obtained by us (see Table 1 When studying the polymorphism of microsatellite DNA in Tyva horses, 113 alleles were found in 17 loci, or on average 6.65 alleles per locus, which indicates a high genetic diversity of the breed (Table 2 ). In a number of loci, rare alleles VHLP, АНТ4P, HMS7J, ASB23L, ASB2B, HMS3N, ASB17Q, LEX3K, LEX3P, HMS1I, HMS1N and HMS1R were revealed. It should be specially noted that the Tyva horses have a very rare HMS1R (0.014) allele that is not found in the populations of horses of European origin [18] . Test showed that Tyva horses are characterized by significant polymorphism in a number of microsatellite loci. This indicates a very high genetic diversity in the population. In the studied microsatellite loci, from 4 to 9 alleles were identified, the average number of effective alleles per locus (A e ) was 4.20, which is considered to be a sufficiently high index even for local horse breeds. The loci ASB17 (10 alleles), ANT4, VHL20 and ASB2 (9 alleles) and ASB23 (8 alleles) were the most diverse. Cluster analysis confirmed the uniqueness of the genetic structure of the Tyva breed (Fig.) . When surveying horses in KFKh Beeche-Shivilig (n = 11), 12 additional alleles were found in 9 out of the 16 studied microsatellite loci, which occurred at a frequency of < 5 % that indicates high genetic plasticity of the breed. The average value of H o for microsatellite loci in Tyva horses from this farm was 0.721 with fluctuations from 0.480 to 0.960.
Frequency of blood group system loci in Tyva horses
Genetic population analysis demonstrated good compliance of the observed (H o = 0.748) and expected (H e = 0.742) heterozygosity for microsatellite loci, and the absence of inbreeding in the Tyva horse (F IS = 0.008). When comparing the breeds, Tyva and Khakass (0.823) and Tyva and Mongolian (0.822) horses, which areas border on the south and southeast, showed the greatest genetic similarity. The common origin of the Tyva and Mongolian horses which form a common branch in the tree of caballine breed evolution is also confirmed by a full-genome analysis [35] .
Thus, our study of the loci encoding blood systems and microsatellite DNA showed that the Tyva horse exhibits genetic variability on the alleles of both structural genes and microsatellites. Of the structural genes, the transferrin, albumin, esterase, and especially the D blood group loci, with both frequent and relatively rare alleles, were the most polymorphic. Polymorphism of microsatellite DNA averaged 6.65 alleles per locus which indicates a high genetic diversity. In a number of loci, rare alleles and the HMS1R allele which is not found in European horses are identified. Loci ASB17, ANT4, VHL20, ASB2 and ASB23 were the most diverse. Tyva horse is genetically the most similar to the Khakass (0.823) and Mongolian (0.822) breeds which areas border on that of Tyva horse. It is important to keep the original allele pool of the Ttva horse, which includes a number of rare alleles, for further breeding and selection. Improvement of the Tyva horse which is characterized by genetic plasticity seems to be very promising.
